Abstract
The aim of this study was to evaluate the Edinburgh Postnatal Depression Scale (EPDS) for screening and diagnosis of postpartum depression. Three 
Background
Postpartum depression is one of the conditions that can affect childbearing women. Puerperal mothers are more vulnerable to symptoms of depression and to depressive episodes per se 1 . In the phenomenological sense, postpartum depression is similar to depression during any other period of life. However, postpartum depression can be more serious, since depression in this period can have a negative effect on the health of both the mother and the newborn 2, 3, 4, 5 , affecting the mother-child bond, infant development, and even family organization 6, 7 and the child's interpersonal relations. The onset of postpartum depression happens early, between the first week and first month after delivery. Postpartum depression can compromise breastfeeding and consequently the infant's health. In extreme cases postpartum depression can even lead to infanticide. In 50% of cases postpartum depression can persist throughout the first year after delivery and become recurrent 8, 9 .
According to previous studies, prevalence of postpartum depression from one month to one year after delivery in the United States and Canada ranges from 8% to 26%, 8, 10, 11, 12, 13, 14 and depressive symptoms can affect up to 80% of women in the postnatal period 15 .
Postpartum depression is a matter of increasing concern in several countries; investments in early detection are being made for the ARTIGO ARTICLE development of health policies for its clinical management. In 1987, Cox et al. 16 developed the Edinburgh Postnatal Depression Scale (EPDS) for the identification of postpartum depression, for use in clinical and research settings. EPDS is a self-administered, 10-item scale based on previously available scales (Irritability, Depression, and Anxiety Scale -IDA; Hospital Anxiety and Depression Scale -HAD; and Anxiety and Depression Scale) and on items devised by the authors themselves. The scale was initially compared to the Research Diagnostic Criteria (RDC). The use of EPDS is favored because of the ease and speed of its administration. This has led to its use by health care professionals in community studies, especially for the investigation of potential cases of depression. The clinical and epidemiological value of the scale have been confirmed by several validation studies carried out in different countries, with both sensitivity and specificity in the 70-85% range, depending on the cutoff point.
The present study aimed to evaluate the validity of EPDS for the diagnosis of postpartum depression three months after delivery in a sample of mothers from the 2004 Pelotas Birth Cohort Study.
Methods
A cross-sectional study was carried out during the three-month follow-up of a birth cohort in the city of Pelotas, southern Brazil, which included all births in that city in 2004 17 . Briefly, the Pelotas 2004 birth cohort is a population-based study including all children born in the city's five hospitals. Newborns were examined and mothers interviewed during their stay in the hospital (perinatal study). At age three months, infants were visited at home for another examination. At this point mothers were re-interviewed and the EPDS questionnaire was administered.
Instrument
In order to ensure the scale's adequacy, the ten questions were initially translated into Portuguese by one of the authors (I.S.S.). Questions were then back-translated into English by an English teacher born in the United Kingdom and living in the city of Pelotas. The instrument was administered as an interview to a small number of mothers of infants up to three months of (n = 50), who did not participate in the validation study. The original version of the test and the final version of the scale in Portuguese are presented in Table 1 .
In contrast to the original, self-administered format, questions were posed to mothers by a trained interviewer, as a single block and in the same order as in the original instrument, within the cohort's regular three-month follow-up interview. The decision to pose the questions to mothers verbally was based on the fact that many mothers of newborns from the cohort had little schooling and were not familiar with self-administered data collection instruments. The administration of EPDS as an interview is accepted by the instrument's authors 16 and has been used previously 18 .
Sample
The present validation study was designed to detect sensitivity and specificity ≥ 80%, with a standard error of ±5, significant to the 5% level. The three-month follow-up did not include mothers whose infants died before three months. We interviewed mothers whose infants reached age three months between January 1 and March 31, 2005 (thus born from October 1 to December 31, 2004), who responded to the EPDS questionnaire at home or at the medical school, according to the cohort's three-month follow-up procedures. This sample, which included about one-fourth of all births, consisted of 886 mothers.
We used two sample selection strategies. First, all mothers scoring at least 9 points on the 30-point EPDS were included in the study. Based on the results of previous studies, we expected to find 10-15% of mothers with positive scores (about 100-150 mothers with EPDS ≥ 9). Then, a systematic 20% sample of mothers scoring < 9 was obtained by recruiting every fifth mother. All mothers selected to participate in the validation study underwent a diagnostic interview (gold standard).
For the diagnostic interview, mothers were re-interviewed at home by a mental health professional (psychiatrist, psychologist, or psychiatry resident), previously trained for the administration of the semi-structured interview. The diagnostic interview aimed to detect current or recent (previous 15 days) depressive episodes. The gold standard interview was planned to be administered 15 days after EPDS at the latest and was based on ICD-10 (International Statistical Classification of Diseases and Related Health Problems -10th Revision) diagnostic criteria 19 . According to the result of this interview, mothers were classified as "normal" or "positive", the latter including those with mild, moderate, or severe episodes of depression. Mental health professionals were blinded as to mothers' EPDS scores. 
Data analysis
For each EPDS cutoff point, we calculated the sensitivity (proportion of depressed mothers according to ICD-10 criteria that were correctly identified by EPDS), specificity (proportion of non-depressed mothers correctly identified as such by EPDS), and accuracy (proportion of results correctly identified by the scale). 95% confidence intervals were determined for each of the measures. The EPDS point showing simultaneously the highest sensitivity and specificity was determined using a receiver operator characteristic (ROC) curve. Based on the sensitivity and specificity obtained for the EPDS at the cutoff points most commonly used internationally 20 , the positive predictive value (proportion of true positives among all positives identified by EPDS) in simulations for populations with different postpartum depression prevalence rates was calculated. In order to explore the performance of EPDS in a sample of high-risk mothers, a sub-sample of mothers was selected. These mothers answered positively when inquired, during the perinatal interview, about the presence of symptoms of depression, treated or untreated, or about feeling sad or depressed, always or most of the time, during the index pregnancy. The perinatal questions were formulated as follows: During pregnancy, did you feel depressed or have any nervous condition? (No, Yes, treated, and Yes, untreated) and During the three last months of pregnancy, did you feel sad or depressed? (Never, sometimes, most of the time, and always). Mothers who answered positively to both questions were considered at high risk of postpartum depression, and the validity of EPDS was tested specifically in this group.
Also investigated was the effect on EPDS performance of a change in case definition criteria, by excluding mothers with mild episodes of postpartum depression according to the gold standard. Stata 9.1 software (Stata Corp., College Station, U.S.A.) was used for all analyses.
Ethical aspects
The research protocol was approved by the Research Ethics Committee of the University of Pelotas Medical School. Since this was a nested study within the 2004 cohort and this sub-study did not involve any additional risk to the mother, the informed consent obtained was the same as requested for participation in the cohort.
Results
Only nine mothers refused to participate in the three-month follow-up, and the EPDS was administered to 886 mothers. Of these, 378 also answered the diagnostic interview (219 with score ≥ 9 and 159 with score < 9). According to the gold standard, 105 mothers showed mild, moderate, or severe episodes of depression. Table 2 presents the characteristics of mothers included in the study. The vast majority (83.6%) had family incomes of up to three minimum wages. About 67% were aged 20-34 years, and over one-fifth (22.2%) were adolescents. Only two mothers had never attended school, whereas 15% had 1-4 years of schooling and 40% had 9 or more years. The majority of the women were white (70.9%), and 81.2% lived with a husband or partner. Slightly more than one-third (38.4%) worked outside home during pregnancy. The majority of the pregnancies were unplanned (67.2%). The prevalence of low birth weight (< 2,500 grams) and preterm births (< 37 gestational weeks) (10,8% and 16.4%, respectively), as well as the frequency of all maternal characteristics examined in the sample, with the exception of smoking during pregnancy, were statistically similar to those of the 2004 cohort as a whole (n = 4,287). The prevalence of maternal smoking was higher in the validation sample (33.6% versus 25.1%; p < 0.001). Table 3 shows the sensitivity and specificity, with the respective 95% confidence intervals, for each of the EPDS cutoff points. As expected, sensitivity decreased progressively as the cutoff point increased, with a more pronounced decrease between the ≥ 9 and ≥ 10 cutoff points (from 91.3% to 82.6%). In contrast, specificity between these two cutoff points increased from 54.9% to 65.4%. According to the ROC curve (Figure 1 ), the ≥ 10 cutoff point was best for this population. The 95% confidence intervals for this cutoff point were 75.3% to 89.9% for sensitivity and 59.8% to 71.1% for specificity. We analyzed the effect of changes in maternal postpartum depression risk profile on EPDS performance. During the perinatal interview, a total of 247 mothers reported depression, treated or untreated, or feeling sad or depressed, always or most of the time, during the index pregnancy. These women were considered as a higher risk group for postpartum depression. Of these, the gold standard identified 89 mothers (36%) with diagnosis of postpartum depression. As in the sample from the general population of mothers, the balance between sensitivity and specificity confirmed the adequacy of the ≥ 10 cutoff point, with 79.8% sensitivity (69.9-87.6%) and 53.2% specificity (45.1-61.1%), which ratified these levels as stable characteristics of the test, regardless of the disease prevalence.
The effect of changes in the prevalence of postpartum depression in the study population was observed in the predictive value of EPDS. Table 4 shows the positive predictive values for EPDS cutoff points between 10 and 14 in simulations for populations with different postpartum depression prevalence rates. Thus, for instance, if EPDS was administered as a diagnostic test with a cutoff point of ≥ 11 in a population with a postpartum depression prevalence of about 20%, the positive predictive value would be 45%. In this case, the majority of women identified by EPDS as suffering from postpartum depression would actually be false-positives. Likewise, in populations with a postpartum depression prevalence of 15%, the use of EPDS at this same cutoff point would yield a positive predictive value of only 36.6%. As expected, lower cutoff points, such as ≥ 10, when used in a population with 15% prevalence of postpartum depression, would lead to 42% of the tested population being diagnosed as suffering from postpartum depression and to a positive predictive value of 29.6%, even lower than the previous one.
The effect of changes in postpartum depression definition criteria was tested by considering as positive only mothers classified by the gold standard as showing moderate or severe episodes of depression (75 out of 378 mothers in the general population). In this scenario, the ROC curve identified ≥ 11 as the best cutoff point, with 83.8% (73.4-91,3%) sensitivity, 74.7% (69.4-79.5%) specificity, and 76.5% accuracy. Among high-risk mothers (n = 247), the gold standard identified 63 as showing moderate or severe postpartum depression. As expected, analyses within this group confirmed the ≥ 11 cutoff point, with 81% (69.1-89.8%) sensitivity, 66.3% (59-73.1%) specificity, and 70% accuracy.
Discussion
EPDS is the scale most widely used worldwide for the study of postpartum depression. It has been translated into several languages and validated in different countries. Before the present investigation, two other studies evaluated the performance of EPDS in Brazil, one in Pernambuco, in the Northeast 18 and one in the Federal District, in the Central West of the country 21 . The Pernambuco study included 218 women and aimed to measure the prevalence of pre-and postpartum depression in a sample of low-income mothers. EPDS sensitivity and specificity were evaluated only for the antenatal period, using as a gold standard the interviewers' impressions (medical and nursing students) based on the IDC-10 diagnostic criteria. Using the ≥ 13 cutoff point, EPDS showed 73% sensitivity and 90.5% specificity for diagnosing depression during the third month of pregnancy.
The validation study conducted in the Federal District included 69 predominantly middleclass working women with a mean of 10.2 weeks postpartum. According to the authors, the best cutoff point for the scale was ≥ 11, with 84% sensitivity and 82% specificity. The authors provided no information on the risk profile of the sample, but the working definition of postpartum depression included only moderate or severe episodes. This cutoff point coincides with that found by the present study when cases were defined according to the same criteria.
EPDS was originally constructed as a screening instrument for postpartum depression, but the scale's authors and others propose that, using ≥ 13 as the cutoff point, the scale has high positive predictive value for diagnosing postpartum depression. In general, EPDS validation studies report high sensitivity and specificity, as well as high positive predictive value, both as a screening instrument and as a diagnostic test. In the present study, the sensitivity of EPDS was consistent with the findings of other authors using the same cutoff points. On the other hand, specificity and positive predictive value were generally below those reported in the literature at all cutoff points investigated. The high rate of false-positives and the corresponding low specificity were largely responsible for the differences found in terms of positive predictive values.
The comparison between the results of different validation studies for a same test requires caution. In addition to the quality of the instrument used, several methodological aspects may interfere with the results obtained. These include the prevalence of the disease in the sample, the case definition employed by the gold standard, the design of the validation study, and the study population's socio-cultural characteristics. As initially described by its authors 16 , EPDS was developed to screen for postpartum depression among mothers considered potentially depressed according to attending health professionals. Therefore, women with depression were over-represented in the sample. This was also the case in the present study, in which we included all mothers with EPDS ≥ 9 and 20% of those with EPDS < 9. This type of sampling design leads to a higher prevalence of postpartum depression than that observed among the general population of mothers. This methodological aspect has an effect on the test's predictive value, while sensitivity and specificity remain unchanged. A test's positive predictive value increases in populations where prevalence of the disease is greater, while sensitivity and specificity remain relatively constant. Validation studies that estimated predictive value based on samples in which mothers with postpartum depression were over-represented obtained better results than studies that corrected values according to the actual prevalence of postpartum depression. Indeed, a review of EPDS validation studies by Eberhard-Gran 20 identified positive predictive values from 37% to 78%, which, when corrected using a more realistic prevalence of 13%, were usually smaller, ranging from 22% to 79%. After correction, the positive predictive values of these studies were closer to those found in the present study for corresponding cutoff points and prevalence rates.
There are two ways of increasing a test's positive predictive value: increasing the prevalence of disease in the screened population and altering the cutoff point so as to increase the specificity. Indeed, the present study's findings indicate a higher positive predictive value when EPDS Figure 1 Receiver operator characteristic curve for the performance of the Edinburgh Postnatal Depression Scale compared to an interview with a mental health professional using ICD-10 criteria (gold standard) for the diagnosis of postpartum depression. Pelotas, Rio Grande do Sul State, Brazil, 2004. is applied to high-risk mothers. When the ≥ 10 cutoff was used to screen postpartum depression among a group of mothers with 25% pre-test prevalence of the disease, the positive predictive value increased from 29.6% (in the general population of mothers, with an approximate prevalence of 15%) to 44.3%. Although only two of every five mothers identified by the test as at risk of postpartum depression will actually be diagnosed with the disease when interviewed by health professionals, this is an acceptable level for screening instruments. Due to the generally low prevalence of diseases, screening tests usually have low positive predictive values, even when specificity is high 22 . On the other hand, at the ≥ 10 cutoff point, the positive predictive value of the test was too low for the scale to be recommended as a diagnostic test, even in a population with a high prevalence of postpartum depression. Despite the almost twofold increase between the pre-test (25%) and post-test (44.3%) probability of postpartum depression, the discriminating capacity of EPDS was still weak. A positive predictive value below 50% is weaker than that obtained when tossing a coin. Furthermore, the area under the ROC curve for high-risk mothers was lower than that obtained for the entire group of mothers (0.76 and 0.84, respectively), indicating lower accuracy among high-risk mothers than among the entire group. The second alternative to improve the predictive value of EPDS would be to choose a cutoff point with higher specificity. For instance, by increasing the cutoff point from ≥ 10 to ≥ 11, the specificity increased from 65.3% to 77.3%. This increase, however, was accompanied by a reduction in sensitivity from 82.6% to 74%. A screening test that fails to identify more than one-fourth of mothers with postpartum depression is unacceptable. A good screening test must have high sensitivity in order not to miss the few cases of the disease, and high specificity, in order to reduce the number of false-positives that will have to undergo further evaluation.
For diagnostic purposes, the best performances were found for cutoff points ≥ 13 and ≥ 14 when the test was applied to high-risk mothers, with postpartum depression prevalence between 20% and 25%. For these mothers, the positive predictive value was more than 60%.
The second methodological aspect that may interfere with the results of validation studies is the case definition used by the gold standard. In the current study, we defined postpartum depression as occurring in mothers presenting depressive episodes with any level of severity. In general, studies that include mild cases of the disease report lower sensitivity for a same cutoff point 23, 24 . The current study's findings also provide evidence of this phenomenon. The sensitivity of the ≥ 10 cutoff point in the sample including all mothers with depressive episodes was 82.6%, whereas among mothers with moderate and severe episodes only, sensitivity for the ≥ 10 cutoff point increased to 87.8% (78.2-94.3%).
An alternative would be to use the ≥ 11 cutoff point to diagnose moderate or severe postpartum depression, a scenario yielding greater specificity for EPDS when compared to the diagnosis of any type of postpartum depression. Assuming 10% prevalence of moderate or severe postpartum depression, the positive predictive value for EPDS ≥ 11 would be 26.7%. For 15% prevalence, the positive predictive value would increase to 36.9%. Although a positive result in these situations would imply a probability of disease about three and two times greater, respectively, than the pre-test probability, such a finding indicates that, in the first case, only slightly more than one-fourth of mothers selected by EPDS would have moderate or severe postpartum depression confirmed after evaluation by health professionals. In the second scenario, even with a 50% increase in prevalence as compared to the previous example, only a little more than one-third of mothers would be correctly identified by EPDS. These findings indicate that a cutoff point of ≥ 11 would be adequate for screening, but not for diagnosing mothers with moderate or intense postpartum depression. For diagnostic purposes, the most adequate cutoff point would be ≥ 15, which has 47.3% (35.6-59.3%) sensitivity and 92.4% (88.9-95.1%) specificity among mothers with 20% prevalence of moderate or severe postpartum depression. A major difficulty would be to work with a sample of mothers with such high pre-test prevalence of moderate and severe postpartum depression. The accuracy (area under the ROC curve) for the diagnosis of moderate and severe cases was 0.86, thus higher than the area for the screening and diagnosis of PPD among both the general population and high-risk mothers.
Finally, study design plays an important role in the evaluation of a test's attributes. As a screening test, the aim of EPDS is to detect postpartum depression during its pre-symptomatic phase or as close as possible to the threshold of clinically detectable symptoms. When conducting a cross-sectional comparison of performance by EPDS and the psychiatric interview, the scale is actually being tested as a diagnostic test for postpartum depression rather than as a screening instrument. The sensitivity of a screening test is given by the ratio between the number of true-positives and the sum of true-positives and subjects that will develop the disease within a given follow-up period 22 , meaning that the disease was present but the test was not able to identify it. Ideally, therefore, a study of the validity of EPDS as a screening test should evaluate the scale's performance in the early identification of symptoms that would later evolve to postpartum depression. A study with this aim should have a prospective design and include (as a selection criterion) only mothers tested after the first 7-10 days post-delivery, the period in which 30-70% of mothers show symptoms of melancholy, sadness, and emotional instability, which are self-limited in the majority of cases 25 . Two measurements at different time points would be necessary: one during the selection of mothers, in which EPDS would be administered, and another between four weeks and three months post-delivery, the peak of postpartum depression incidence 26 , when only the gold standard for the diagnosis of postpartum depression would be administered. Mothers with positive EPDS scores at the beginning of postpartum and that developed postpartum depression during the follow-up period would be considered true-positives. Only thus could the sensitivity of EPDS as a screening instrument be defined. Specificity, on the other hand, would be determined as the proportion of mothers with negative EPDS scores confirmed by the gold standard. Therefore, the low predictive value for EPDS found in the present study may be due to the design used for its validation. We found no studies in the literature that evaluated EPDS as a screening instrument using this methodology. The available results thus express the performance of EPDS more as a diagnostic test than as a screening instrument for postpartum depression.
The above-mentioned aspects may explain the differences detected between this and other studies with respect to the positive predictive value of EPDS. The reason for the differences in specificity and false-negative rates, on the other hand, appear to be due to other methodological aspects, especially sample size. Wide confidence intervals such as those reported by the majority of EPDS validation studies in terms of both sensitivity and specificity are due to the small samples investigated. Low specificity and the corresponding high false-positive rates found in the present study indicate that mothers answered positively to EPDS without these answers having the depressive connotation that the scale aims to detect. This characteristic is not concentrated only in a few questions; rather, it is seen in most of the test's questions. Although the translation of EPDS into Portuguese and the subsequent back-translation into English were considered adequate given the settings in which the scale would be used, it is possible that cultural factors may have interfered with the interpretation of the content of certain items and consequently with the expected values for the answers provided. Thus, before using this scale for the general population of Brazilian mothers, it would be recommendable to test the validity of the content of these items in relation to the other variables in the scale, using further studies.
Other characteristics of the study population, such as the health status of children and the mother's perception of her child's health, were not explored in the present study and may have limited the results' validity. Although the 2004 birth cohort recorded the number of hospital admissions and medical appointments during the first three months of the infant's life, the mother's perception regarding the child's health was not evaluated. However, events leading to hospitalization were infrequent in this sample. Only 20 children were hospitalized at least once before the interview date. According to the gold standard, ten of these mothers showed depressive episodes, versus 95 among the others (p = 0.02).
Likewise, the mother's actual or self-perceived health status was not evaluated. Mothers with unfavorable self-perceived health status may show greater prevalence of postpartum depression than those who considered themselves healthy. It is plausible that mothers with clinical intercurrences due to (or increased by) pregnancy show greater prevalence of postpartum depression.
Strengths of the current study include the fact that both EPDS and the gold standard interview were standardized and blinded as to each other's results. Administration of the scale as an interview by a trained interviewer, rather than as a self-administered instrument, as originally planned and as done in the majority of studies, was appropriate for the social and educational characteristics of a population-based sample of mothers. Moreover, this was the first validation study for EPDS in Brazil to rely on a populationbased sample.
Conclusions
In short, the present study has shown that the validity of EPDS should be interpreted in light of the use for which it is intended. EPDS is adequate as a screening instrument using the ≥ 10 cutoff point, especially among selected populations of mothers at high risk of postpartum depression. For diagnosis, the ≥ 13 cutoff point will be adequate only if used among high-risk populations.
In the general population of mothers, the scale shows low validity for the diagnosis of postpartum depression. It should be noted, however, that there is still a gap to be filled in the validation of EPDS as a screening instrument for postpartum depression, given that with the design used by the present study and other studies identified in the literature, such performance remains to be formally tested. 
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